romoting physical activity (PA) and diet quality (DQ) during the adolescent years is particularly important, as research suggests that behaviours formed in adolescence extend into adulthood 1,2 and carry consequences for long-term health. Past research has revealed that less than 30% of 7 th grade students in Nova Scotia met the recommended level of PA (60 minutes per day, 5 days per week) to achieve health benefits, 3 and their diets did not meet Canada's Food Guide (e.g., more than 70% did not fulfill the daily requirement of 6-8 servings [depending on age and sex] of fruits and vegetables), 4 making these two behaviours an important focus for health promotion and intervention efforts.
outlets -key features of obesogenic environments 13, 14 -are more prevalent in urban areas. Thus, the urban environment may expose youth to more unhealthy options and contribute to poor diet quality. 15 The nutrition environment in the suburban context is also unique in that the density of fast-food outlets may be much less than in urban environments, but because of location outside the urban core more frequent commuting may be required through areas where unhealthy foods are readily available.
Better DQ has been shown in previous research to be associated with improved health outcomes in adults, 16 but there is a paucity of data on DQ and health in children. 17 A recent publication has demonstrated an independent association between overall DQ and academic performance in children, 18 suggesting that improving DQ may have impacts beyond health outcomes alone. Given that few studies have considered the potential influence of socio-economic status (SES) and neighbourhood type on PA and diet in youth, 19 further research is needed to clarify their potential importance for this population. Understanding differences in DQ and PA for subgroups of this population is important for the development of interventions aimed at improving the health behaviours of youth. 12, 20 The purpose of the present study was to compare PA and DQ among youth from schools of higher and lower SES in rural, suburban and urban neighbourhood types. It was hypothesized that PA and DQ would be more favourable in higher versus lower SES environments. It was also hypothesized that SES and neighbourhood type would interact when influencing PA. 21 
METHODS

Recruitment
This research protocol was approved by the principal investigators' institutional review board as well as the review panel in place at the school board from which schools were recruited. Schools in the Halifax Regional Municipality, NS, were eligible for inclusion if they 1) enrolled students in Grades 7 through 9, and 2) did not offer a French immersion program (as these schools draw a greater proportion of students from areas outside the school's eligible neighbourhood). Within the Halifax Regional School Board, 38 schools fit these criteria; 5 were located in rural areas, 24 in suburban areas and 9 in urban areas. Six public schools were stratified by schoollevel SES and neighbourhood type.
School-level SES was determined by the median household income of the school's census dissemination area (a term used by Statistics Canada to refer to a small area composed of one or more neighbouring blocks, with a population of 400 to 700 persons), based on 2006 census data. Urban, suburban and rural categories were designated through a two-step process. The first step distinguished rural from urban using the Statistics Canada population-based definition of an urban area.* The Halifax Regional Municipality municipal planning guidelines † were then used to subdivide urban areas into urban and suburban categories according to urban development patterns, including housing density and a mix of commercial, institutional and recreational uses. Urban areas had a mix of high-density residential, commercial, institutional and recreational uses, whereas suburban areas had a mix of low-and medium-density commercial, institutional and recreational uses and a pattern of established neighbourhoods with low-to medium-density residential uses. Eligible schools in each neighbourhood type were organized by SES and divided into tertiles. One high and one low SES school was randomly selected from the higher and lower tertiles. Only one school that was approached declined to participate.
Participating urban schools were located in areas that had high residential density and street connectivity, high sidewalk availability, more mixed land uses and greater population density. Suburban schools were located in areas with lower residential density and street connectivity, and land uses that were spatially segregated. Finally, rural schools were in areas that were automobile reliant, with low residential density and street connectivity, no sidewalks, and schools placed far from residential land uses.
Recruitment took place in one school at a time during the 2008 and 2009 school years. Students were recruited through presentations in each 7 th to 9 th grade classroom. Information packages, including consent forms, were distributed to obtain parental consent; 27% of these forms were returned for participation in the study. In addition to completing surveys of dietary intake and health behaviours, students were asked to wear an accelerometer and GPS (Global Positioning System) device (to measure their geospatial footprint, which is not a focus of the current report) for a period of one week. All participants were entered in a prize draw for a gift card for participating. Furthermore, cash incentives were provided to encourage participants to wear the equipment ($20 for 6 or fewer days of wear, $30 for 7 days). All surveys (diet and health behaviours) and measurements (height/weight) were collected prior to distributing the accelerometers to students.
Measures
Demographic Features
Students reported their ethnicity (identified from a list of options, including "other" and space to describe) and sex within the survey of health behaviours and dietary intake.
Body Mass Index (BMI)
Students had their weight and height measured by trained research assistants in a private area of the school. These measurements were used to calculate BMI.
Physical Activity
PA was assessed objectively using the Actigraph GT1M (Actigraph: Pensacola, FL) accelerometer (placed on the right hip) for seven consecutive days. This accelerometer has documented evidence of concurrent validity and inter-instrument reliability in several studies of children and adolescents. 22 Students were asked to wear the device for all waking hours of the day and to remove it for waterbased activities and contact sports. At least one valid day (i.e., ≥8 hours of valid data) was required to be included in analyses; 92.7% of those who wore an accelerometer met this requirement. Students averaged 4.14 (SD=1.49) days of valid data. Raw accelerometer counts were converted to minutes per day of moderate (i.e., activities that cause youth to sweat a bit and breathe harder) to vigorous (i.e., activities that cause youth to sweat and be out of breath) physical activity (MVPA) using age-specific count thresholds developed by Freedson 
Diet Quality
Nutritional intake was assessed by means of the Harvard Youth/Adolescent Questionnaire (YAQ), 24 a validated food frequency instrument suitable for adolescents in this age group. As DQ is best represented in a composite measure, data from the YAQ were used to calculate a Diet Quality Index (DQI) 24 for each student. DQI values encompass dietary variety (i.e., overall variety and variety within protein sources, to assess whether intake comes from diverse sources both across and within food groups), adequacy (i.e., the intake of dietary elements that must be supplied sufficiently to guarantee a healthy diet), moderation (i.e., intake of food and nutrients that are related to chronic diseases and that may need restriction) and balance (i.e., the overall balance of diet in terms of proportionality in energy sources and fatty acid composition). Scores ranged from 0 to 100, the higher scores reflecting better DQ. The DQI has been useful in cross-national comparisons of diet quality 25 and has demonstrated important associations with other measures of healthy eating. 18 
Analytical plan
Demographic and descriptive statistics were generated, and a series of zero-order correlations and between-subject ANOVAs were conducted to identify potential covariates (sex, grade, ethnicity and BMI) for the main analyses. Once identified, a series of 2 (SES: high vs. low) × 3 (neighbourhood type: urban, suburban, rural) analyses of covariance (ANCOVA) were conducted on the MVPA per day and DQ variables.
RESULTS
Demographic data are presented in Table 1 . Of the 380 students recruited, 53% were male and 84% were white. Participant age ranged from 12 or less to 16 years, with somewhat greater participation among younger students. This was reflected in the distribution by grade, which revealed lower participation by grade 9 students at most schools.
Preliminary analyses showed that MVPA per day was significantly related to sex (F [1, 344] 
Physical activity
With regard to MVPA per day, the ANCOVA showed a significant school-level SES × neighbourhood type interaction (F[2,343]=4.56, p=0.01) (see Table 2 ). Follow-up between-subject ANCOVAs were conducted for high and low SES groups separately and showed that the effect of neighbourhood type was only present for low SES schools (F[2,225]=14.49, p=0.00). Least significant difference posthoc analyses showed that low SES urban students engaged in significantly more MVPA per day than low SES suburban (p=0.00) and rural (p=0.00) students; however, MVPA per day was similar for low SES suburban and rural students (p=0.71).
Diet quality
With respect to DQ, the ANCOVA showed a significant school level SES × neighbourhood type interaction (F[2,330]=4.21, p=0.02) (see Table 2 ). Follow-up between-subject ANCOVAs were conducted for urban, suburban and rural groups separately and showed that high SES urban students had significantly better DQ scores than their low SES counterparts (F[1,85]=14.41, p=0.00); however, there were no school-level SES differences for suburban or rural students.
DISCUSSION
Physical activity
The health benefits of PA are well known, yet PA rates tend to decline during the adolescent period. 26 health. Consistent with our hypotheses, analyses revealed an interaction between SES and neighbourhood type. Higher rates of PA were found among youth who attended school in a low SES urban setting than among those who attended school in low SES rural or suburban settings. The rural schools in our study had larger catchment areas and required bussing of most or all students, whereas bussing was less common in urban schools. Therefore, active transportation to school may account for some of the difference in MVPA in the urban and rural settings. Otherwise, there were few differences noted among the low SES schools in their physical education programming or the availability of facilities for use outside of school time (e.g., all low-SES schools had a gymnasium with change rooms on site as well as outdoor paved areas for PA, fields and running tracks available to them either on or off school grounds; all reported that students would have the option to participate in intramural programs that involved physical activity five days per week). This finding is consistent with previous research of adult PA, which has typically found higher rates of PA in urban than rural areas. 27 However, it is inconsistent with some research on children and youth. In a review of studies examining the PA levels of children living in different built environments, Sandercock et al. 8 found that most studies either reported no difference among urban, rural and (when examined) suburban environments or that children in rural and/or suburban environments had higher PA levels than those in urban environments. Most of the studies reviewed by Sandercock et al. 8 employed either self-or parent-reports of child/youth PA, which are vulnerable to overreporting, social desirability influences and difficulty in recall. 28 Our study improves on the literature by using objectively measured PA across three distinct neighbourhood types. Furthermore, greater PA among rural children is often attributed to outdoor play, which is more likely to occur in younger age groups than the one studied here. 29 Typically, explanations for rural-urban differences in adult PA highlight the limited availability and accessibility of venues for leisure-time PA and poor walkability of rural areas. 30, 31 This disparity is likely exacerbated when financial resources are lower. Indeed, Parks et al. 21 found that rural, lower-income adults were less than half as likely as suburban, higher-income adults to meet PA recommendations. Canadian data indicate that parents from smaller communities are less likely to report the availability of public and private opportunities for PA and less likely to report that that those opportunities meet their children's needs; 32 the data also indicate that youth perceive a lack of opportunities close to home as a barrier to physical activity. 33 Lower socio-economic regions are even less likely to have venues for leisure-time PA than higher socioeconomic regions, and where they do exist the limited financial resources of residents may preclude their use. 34 In a qualitative examination, low SES Canadian youth were more likely than their high SES counterparts to report the proximity and cost of facilities as factors that determined their participation in PA. 35 The inclusion of a suburban comparison category represents a further novel aspect of the current study, as few studies have gone beyond the examination of simple urban/rural differences. 8 A pattern of higher PA levels in children in suburban environments has emerged when this category is considered. 36 In our study, however, rates of youth PA were similar in suburban and rural settings regardless of neighbourhood SES. This discrepancy may be rooted in differences in measurement (our study measured PA objectively by accelerometers, whereas Springer et al. 36 employed self-report measures). Developmental differences may also play a role, in that Springer et al. studied high school students. These older adolescents may have the autonomy to drive to nearby centres for PA, whereas younger adolescents may not. Suburban environments, by definition, are located outside of the urban core. Therefore, opportunities for physical activities of interest to this age group (at facilities such as rinks, skate parks and recreation centres) may not be within walkable distance in either rural or suburban neighbourhoods.
Diet quality
Consistent with our hypothesis, DQ was found to be poorer among youth who attended school in the low SES setting than among their counterparts who attended school in the high SES setting. However, this pattern was found only for urban schools. Differences in the nutrition environment and programming at these urban schools were few: the high SES school had a vending machine for drinks whereas the low SES school did not, and the low SES school offered a breakfast program whereas the high SES school did not. Yet, neither of these offers a clear explanation for the pattern of findings that emerged. Socio-economic differences in DQ have been highlighted quite consistently in the literature: 80% of articles reviewed by Hanson and Chen 5 revealed an association between higher SES and greater DQ. Explanations for the association between low SES and poor nutrition often highlight unsafe or impoverished living environments with limited access to healthy foods and/or limited knowledge of healthy eating practices. 5 Further exploration of this phenomenon in this sample is ongoing, with preliminary qualitative analysis suggesting that accessibility of healthy foods plays an important role in food choice (data not shown).
Much less research has focused on neighbourhood-type differences in DQ. There is some indication that dietary fat and calorie consumption is higher among rural youth and families. 12, 37 Yet, research examining the impact of the built environment features on youth health has suggested that the accessibility of fast-food restaurants, which is greater in urban than rural environments, is an important predictor of obesity. 15 Although the current study did not find differences across neighbourhood type, the low SES urban environment emerged as a setting with particularly poor DQ. Perhaps by combining the economic and geographic accessibility of unhealthy foods (especially fast food), urban environments in lower socio-economic areas may be particularly obesogenic.
38
CONCLUSION
Several limitations need to be considered in interpreting the findings of the current study. As in all correlational research, it is important to acknowledge that the relations between neighbourhood type, SES, PA and DQ presented here are not causal. Thus, we cannot conclude that living in a low SES urban environment causes youth to engage in greater PA or to eat foods that result in a lower DQ. Self-selection of individuals and families into particular neighbourhoods may play an important, albeit immeasurable, role in our findings. If neighbourhood self-selection could be taken into account, differences found between the six settings might be attenuated. Further self-selection into the study is another limitation.
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Although the schools were randomly selected from identified strata, only one school was chosen to represent each stratum, limiting the generalizability of our findings. Furthermore, the recruitment rate was somewhat low, likely because of the greater extent of participant involvement (e.g., wearing and charging study equipment) than in other studies, and grade 9 students may be somewhat under-represented in comparison to students in grades 7 and 8. Also, because schools were recruited one at a time, seasonal changes may have affected different rates of PA across the six schools. With regard to measurement, because accelerometers were required to be removed during water and contact sports, the measure of MVPA did not include these activities. Finally, because household income was not self-reported, variations among students within the same school area are not taken into account in these analyses.* Despite these limitations, the current study contributes to an improved understanding of the variation in PA and diet in adolescents from more or less urbanized neighbourhoods in several ways. First, by employing accelerometers to measure PA, this paper improves upon earlier descriptive work that has used primarily selfreport indices. Second, investigations rarely consider both PA and dietary intake -i.e., both sides of the energy balance equationwithin the same study, 19 which is critical to a greater understanding of the role of the built environment in obesity and other chronic diseases. This work provides detailed descriptive information on youth PA levels and dietary intake for concurrent consideration and reveals important differences in the patterning of these healthrelated behaviours across school-level income levels and neighbourhood types. Finally, studies that consider neighbourhood types often include only rural and urban categories. By considering the suburban environment, this study advances the current understanding of health behaviours among youth in these geographic areas. It suggests that neighbourhood type and SES interact and should both, therefore, be carefully considered in identifying both areas of risk (e.g., rural vs. urban areas) and target behaviours (e.g., diet quality vs. physical activity) in the development of initiatives aimed to promote PA and DQ among youth. 
